H elicobacter pylori is a common infection worldwide (1); however, most affected individuals are asymptomatic and are often unaware of the diagnosis. The importance of H pylori as a pathogenic organism first became apparent when Marshall and Warren (2) linked the Gramnegative bacteria with peptic ulcer disease. Since that time, H pylori has been classified as a class I carcinogen by the WHO, and the eradication of H pylori has been shown to treat or prevent important diseases such as peptic ulcer, mucosa-associated lymphoid tissue lymphoma and gastric adenocarcinoma (3) (4) (5) . The standard course of triple therapy consists of clarithromycin with either metronidazole or amoxicillin plus a proton pump inhibitor (PPI), and is one of the most commonly used treatments for H pylori (6) ; however, questions remain regarding the optimal duration of therapy.
Recent data suggest that the treatment success rate of H pylori is declining and is dropping below the recommended eradication rate of 80% (6) . This decrease is likely due to antibiotic resistance; nevertheless, many suspect that the antibiotic resistance could be overcome with longer duration therapy. In fact, our group recently demonstrated that a 14-day regimen of triple therapy is superior to a seven-day regimen, with intention-to-treat (ITT) eradication rates of 85% and 70%, respectively (P≤0.001) (7) . A previous meta-analysis has also shown an improved eradication rate with a 10-day treatment; however, it remains unclear whether it is as effective as a 14-day course (8) , and whether either duration of PPI triple therapy achieves a sufficiently high eradication rate to still be recommended as a first-line treatment choice in North America.
The present study compared the effectiveness of a 14-day course with a 10-day triple therapy regimen in eradicating H pylori in a realworld setting. BACkGround: Successful Helicobacter pylori eradication with the traditional seven-day course of proton pump inhibitor (PPI) triple therapy is declining. Prolonging therapy to either 10 or 14 days is associated with better eradications rates. oBJeCtIve: To compare the effectiveness of 14-day course of triple therapy versus a 10-day course in the treatment of H pylori in Canada. MetHods: Consecutive treatment-naive patients with clinical indications for H pylori eradication underwent either a 10-day course or a 14-day course of traditional PPI triple therapy depending on the date of the office visit (an odd date received the 10-day course, whereas an even date received the 14-day treatment). H pylori eradication was ascertained via urea breath test or gastric biopsies performed ≥4 weeks after completion of therapy. Analyses were by both intention to treat and per-protocol. results: A total of 83 patients were included in the study (31 in the 10-day group and 52 in the 14-day group). In the intention-to-treat analysis, eradication rates were 82.7% (95% CI 70% to 92%) versus 45.2% (95% CI 27% to 64%), favouring the 14-day treatment (P<0.001). Similarly, in the per-protocol analysis, eradication rates were 91.5% (95% CI 80% to 98%) versus 63.6% (95% CI 41% to 83%), favouring the 14-day arm (P=0.01). Adverse events and compliance were not significantly different between the two groups. ConClusIon: A 14-day course of standard PPI triple therapy was superior to a shorter-duration therapy and should be included as a firstline regimen for H pylori eradication in Canada. The 10-day course of treatment did not achieve an acceptable eradication rate and should no longer be used in this country. 
MetHods
Consecutive adult patients who were seen in the senior investigator's (CF, the only physician involved in patient recruitment) offices at either the McGill University Health Centre, or in the community (both in Montreal, Quebec) from March 2012 to April 2014, with clinical indications for H pylori eradication were included in the study. The diagnosis of H pylori was made according to histology (from endoscopic biopsies) or using urea breath test (UBT). Patients with allergies to medications used in the present study or previous treatment of H pylori were excluded. The institution approved the present study.
The antibiotic regimen used in the present study consisted of standard triple therapy: lansoprazole 30 mg, amoxicillin 1000 mg and clarithromycin 500 mg, all twice daily. A prescription was provided to the patient and the medication dispensed by the patient's own pharmacist. The patient underwent either a 10-day course or a 14-day course of therapy depending on the date of the office visit, such that subjects who were seen on odd-number dates received the 10-day treatment while those who were seen on even-number dates received the 14-day treatment. Investigators and treating physicians had no influence on determining the date of the clinic visit. All subjects were encouraged to complete the full course of treatment and common side effects were explained. Side effects and compliance were documented on follow-up visit or telephone call by the nurse.
The primary outcome of the present study was the success of H pylori eradication, which was ascertained ≥4 weeks after completion of treatment via UBT or, in cases in which gastroscopy was indicated for other reasons, by histological examination (including Giemsa stain if negative on hematoxylin and eosin) of at least two antral and two body mucosal biopsies obtained through endoscopy. PPIs were held for two weeks before either endoscopic examination or UBT and physicians interpreting the results were blinded to the treatment allocation. Secondary end points include rate of adverse reactions and compliance to therapy.
statistical analysis
Continuous variables were expressed as mean ± SD, while 95% CIs were calculated for categorical variables using the standard normal approximation of the binomial distribution. Statistical analysis was performed using both an ITT principle, in which a patient with missing eradication data was considered to be a treatment failure, and a per-protocol (PP) analysis, in which a patient with missing eradication data was excluded from the calculation. Between-group comparisons were performed using the χ 2 or Fisher's exact test as appropriate; statistical significance was set at P<0.05.
results
Overall, there were a total of 83 patients included in the present study, with 31 and 52 subjects in the 10-day and 14-day treatment groups, respectively. The mean (± SD) ages were 66±13 years for individuals in the 10-day treatment arm and 61±14 years for those in the 14-day treatment arm. There were 40 female subjects (48.2%), with the majority of participants of Caucasian background; however, >16 countries of birth were represented, reflecting the cultural diversity of Montreal. Indications for H pylori eradication included nonulcer dyspepsia (n=14), uninvestigated dyspepsia (n=9), peptic ulcer disease (n=9), gastroesophageal reflux (n=17), anemia (n=18), family history of gastric cancer (n=5) and other indications (n=11). Most patients (n=54 [65.1%]) were treated and followed at a tertiary care centre, while 29 (34.9%) were treated at a community office in Montreal. The patients from the community were more often female (66% versus 41%), Caucasian (100% versus 89%), and from Europe or America (100% versus 72%) compared with those from the University centre; however, the proportion of patients from these centres in the two treatment groups were similar (39% versus 33% from the community in the 10-day versus 14-day treatment groups, respectively). Table 1 summarizes the baseline characteristics of the study population, which were similar between the two treatment groups.
In terms of primary outcome, the 14-day treatment group achieved significantly higher H pylori eradication rates then the 10-day treatment group. In the ITT analysis, eradication rates were 82.7% (95% CI 70% to 90%) versus 45.2% (95% CI 27% to 64%), favouring the 14-day treatment course (P=0.0006) ( Table 2) . Similarly, in the PP analysis, eradication rates were 91.5% (95% CI 80% to 98%) versus 63.6% (95% CI 41% to 83%), favouring the 14-day treatment arm (P=0.0134) (Figure 1) . Overall, there were 14 patients who were lost to follow-up, with nine and five patients in the 10-day and 14-day treatment groups, respectively.
There were eight adverse events related to H pylori eradication therapy including nausea/vomiting (n=3), diarrhea (n=2), constipation (n=1) and other (n=2). Adverse events and compliance were not significantly different between the two groups (Table 3) . Note, however, that there were significant missing data for the rate of compliance in each arm.
dIsCussIon
Our study demonstrated that a 14-day course of standard triple therapy for H pylori with lansoprazole, amoxicillin and clarithromycin was superior to a 10-day regimen in achieving eradication. Allocation was determined by the date of the clinic visit with patient receiving the 10-day therapy if seen on odd-number dates and the 14-day therapy if assessed on even-number dates. Success of H pylori eradication was ascertained by UBT or repeat endoscopy with histological assessment. In the ITT analysis, eradication rates were 82.7% (95% CI 70% to 92%) versus 45.2% (95% CI 27% to 64%) (P<0.001), favouring the 14-day treatment course while the PP analysis also demonstrated superiority of the 14-day treatment, with an eradication rate of 91.5% (95% CI 80% to 98%) versus 63.6% (95% CI 41% to 83%) (P<0.05).
As mentioned, epidemiological data suggest that the success of H pylori eradication is on the decline and appears to be dropping below the recommended 80% eradication rate, which is postulated to be due to clarithromycin resistance (6) . Our group recently demonstrated that this higher failure rate could be overcome with longer duration therapy and showed that a 14-day triple therapy regimen was superior to a seven-day therapy, with ITT eradication rates of 85% and 70%, respectively (7) . However, at the time of the study, it remained unclear whether a 10-day course of therapy could achieve similar success and, to our knowledge, no direct comparisons had been made between the 14-day triple therapy regimen and 10-day therapy in Canada. Our data strongly suggest that a 14-day treatment length is superior to a 10-day regimen, which is consistent with the conclusions of a recent Cochrane meta-analysis on the subject (9) . Interestingly, in our study, the 10-day treatment arm did not reach the recommended eradication rate of 80%, suggesting that a 14-day treatment course is the more appropriate first-line regimen in North America.
Although there was a trend toward more adverse events with the 14-day treatment when compared with 10-day therapy, these side effects were mild, with no documented serious adverse events. The difference between the two groups did not reach statistical significance, although a larger sample size may have yielded such a difference. In those not lost to follow-up, compliance was excellent and did not differ between the two patient groups. This high compliance rate and patient tolerability is consistent with our previous data demonstrating similar results with PPI triple therapy of seven and 14 days' duration (7). As with any medical intervention, patient education and good communication are some of the most important determinants of patient compliance (10) .
Several other therapeutic options have been studied in the management of H pylori infection including bismuth quadruple therapy, levofloxacin-based triple therapy, sequential therapy and concomitant quadruple therapy. Bismuth quadruple therapy has a large pill burden, with possibly resultant less compliance and potentially more side effects. Levofloxacin triple therapy (combined with amoxicillin and PPI) is limited by the growing rates of levofloxacin resistance (11, 12) . Sequential 10-day therapy, which consists of five days of amoxicillin and PPI followed by five days of tinidazole, clarithromycin and a PPI has been shown to be superior (mostly Italian patients) to the standard seven-day triple therapy (13, 14) . However, this may be explained, in part, by the high clarithromycin resistance rate in Italy and, more importantly, may be merely due to the longer duration of treatment with the sequential therapy. In fact, a Latin American study (15) demonstrated a higher H pylori eradication rate with the 14-day standard triple therapy regimen when compared with the 10-day sequential therapy. Finally, different quadruple concomitant therapies have been studied and showed promising results with eradication rates as high as 92% (16) . However, both sequential therapy and quadruple concomitant therapy exposes the patient to a greater number of antibiotics, which can potentially increase the risk for treatment side effects, Clostridium difficile infection and the development of multidrug-resistant H pylori.
Limitations to our study include the fact that subjects and physicians were not blinded to the treatment allocation. However, individuals assessing the success of eradication were blinded to the treatment assignment. In addition, this was not a true randomized trial. Furthermore, more patients were assigned to the 14-day treatment arm due to the fact that the recruitment physician happened to have more assigned clinic time on even dates (in which patients were allocated to the 14-day treatment arm), which may or may not have resulted in unintentional selection bias. The community patients tended more to be Caucasian and from Europe or Canada. One cannot exclude the possibility that their infection may, therefore, have different susceptibility profiles than the patients from the University Centre; however, the distribution of these patients was not significantly different between the two treatment groups. Finally, there are some restrictions to the generalizability of the present study given that all patients were from Montreal and its surrounding areas, meaning that our results may not be applicable to areas with different antibiotic susceptibility profiles; however, our study population was quite diverse, with 16 different countries of birth represented. Finally, the present study was quite small, with only 83 patients in total, which may have been underpowered to detect differences in adverse events. However, our results are consistent with our previous, larger study comparing a 14-day regimen with a seven-day regimen, which did not show a statistical significant difference in adverse events.
The main strength of our study was its 'real-world' setting, where patients were given a prescription, which was then dispensed to them by their local pharmacists. This 'real-world' setting strengthens our data on patient compliance given that there was less potential for influences from study personnel, which are more likely to occur in a formal randomized trial. The quasirandomization also enabled us to directly compare between the 14-day arm and the 10-day group, while the fact that all consecutive patients were included likely limited possible confounders. 
ConClusIon
Our study demonstrated the superiority of a 14-day course of standard triple therapy over a 10-day standard therapy in the eradication of H pylori. Furthermore, there were no significant differences in adverse reactions or compliance between both groups. Our data highly supports the use of 14-day standard triple therapy as a firstline treatment for H pylori in North America, with ITT and PP eradication rates of 82.7% and 91.5%, respectively. The 10-day treatment did not achieve an acceptable eradication rate and should no longer be used in Canada.
